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(54) SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PURPOSE: To enhance the reliability upon aging by a method 
wherein a (111) oriented titanium nitride film and a specific 
titanium film as the lower layer thereof are laminated on an 
underneath film comprising Al or Al alloy. 
CONSTITUTION: Within the semiconductor device wherein a 
metallic wiring layer 5 is composed of a laminated wiring including 
Al or Al alloy layer, a (1 1 1) oriented titanium nitride film 4 and a 
titanium film 3 as a lower layer thereof in the surface coating ratio 
exceeding 50% and the mean film thickness not exceeding 
1 0O&angst; are to be laminated as the underneath layer of the 
metallic wiring layer 5. For example, an insulating film 2 is 
deposited on a silicon substrate 1 and then Ti 3 is deposited 
50&angst; thick in the design value by putterning process. 
Successively, TiN 4 is deposited in the specific thickness by CVD 
process. At this time, the material base of CVD is specified to be 
TiCI4/NH3/H2 base while the film forming requirements are to be 
60° C of substrate temperature, 2 seem of TiCI4, 40 seem of NH3 
10 seem of H2 and 0.1 Torr of partial pressure. Finally, AI~0.5%Cu i 
is to be deposited in specific thickness. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by carrying out the laminating of the titanium film of 
100A or less of average thickness to the titanium night RA1DO film in which the metal wiring layer carried 
out orientation to the substrate of a metal wiring layer (1 1 1) in the semiconductor device which is 
laminating wiring containing aluminum or its alloy layer, and its lower layer 50% or more by surface 
coverage. 

[Claim 2] The semiconductor device according to claim 1 said whose titanium film is what is carrying out 
orientation (002). 

[Claim 3] As a substrate of the metal wiring layer which consists of aluminum or its alloy on a semi- 
conductor substrate Titanium or titanium night RAIDO of the orientation (1 1 1) of beforehand good 
membraneous quality on the conditions which carry out orientation (002) 50% or more of first, surface 
coverage, Titanium night RAIDO is made to deposit under the conditions from which good membraneous 
quality is obtained with the CVD method by the system which covered and contains a titanium compound 
in 100A or less of average thickness continuously. The manufacture approach of the semiconductor device 
characterized by depositing said metal wiring layer on this titanium night RAIDO film after forming the 
titanium night RAIDO film of the orientation (1 1 1) of good membraneous quality. 

[Claim 4] The manufacture approach of a semiconductor device according to claim 3 that said titanium 
compound is halogenation titanium. 

[Claim 5] The conditions from which good membraneous quality is obtained with said CVD method are the 
manufacture approach of the semiconductor device according to claim 3 or 4 which are the conditions 
which form the titanium night RAIDO film of orientation (200). 

[Claim 6] The manufacture approach of the semiconductor device characterized by performing either a 
RTA process and an etchback process and its both before being the manufacture approach of a 
semiconductor device according to claim 3 to 5 and depositing said metal wiring layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the semiconductor device which equipped the 
metal wiring layer with the barrier metal having the barrier property to a semi-conductor substrate, and the 
high-reliability of wiring, and its manufacture approach about a semiconductor device and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] In a shallow diffusion layer, problems, such as a spike to the diffusion layer of 
the aluminum which is a wiring material, and a deposit to aluminum wiring of substrate silicon, are arising as 
detailed-izing of a semiconductor device and high integration progress. Therefore, in order to prevent the 
counter diffusion of aluminum and silicon in use of the aluminium alloy which made about 1% of silicon mix 
beforehand into aluminum as an electrode wiring material, and the contact section of an aluminium alloy 
and a silicon diffusion layer, a diffusion barrier layer (it is called barrier metal) is used. 

[0003] Titanium night RAIDO is considered the present most promising ingredient as a barrier metal. Since 
titanium night RAIDO (TiN) can realize low resistance KONKUTO with a silicon substrate easily by it not 
only excels in barrier property, but that it is low resistance comparatively, and the titanium silicide which is 
the same titanium compound, it is the reason that it can have a continuity in membrane formation, to excel 
in adhesion with a tungsten, when applying a tungsten plug to a contact hole further, etc. As a method of 
forming the titanium night RAIDO film, after carrying out spatter membrane formation of a reactive 
sputtering method or the titanium conventionally, it nitrides, and it is carrying out. 

[0004] (1 1 1) is told that the film which carried out orientation is excellent by the electromigration <EM) 
resistance of aluminum or aluminium alloy wiring, and the approach of making carry out orientation of the 
titanium night RAIDO film to (111), and forming an aluminum wiring layer on it is indicated by JP,3- 
2621 27,A as an approach for it. 
[0005] 

[Problem(s) to be Solved by the Invention] by the way, it mentioned above in the above-mentioned 
conventional technique — as (1 1 1) — the titanium night RAIDO film which carried out orientation was 
formed by depositing directly by nitriding, after forming titanium by the spatter, or the reactant spatter. 
However, when titanium night RAIDO is formed with a CVD method, orientation when the membraneous 
quality (for example, a membranous consistency with low resistance is high) which can be used for wiring is 
obtained is (200), and it is reported that a function worsens as a diffusion barrier layer whose titanium night 
RAIDO film which carried out orientation at least (111) is the essential purpose of barrier metal. 
[0006] That is. there was no technique which carries out orientation with the conventional CVD technique 
(111), and forms the good titanium night RAIDO film of membraneous quality. Therefore, although it became 
orientation when titanium night RAIDO of good membraneous quality was formed with the CVD method 
(200), in order not to carry out orientation of the aluminum wiring on it to (111), it had the problem to which 
the dependability of a semiconductor device falls, and when making it into the titanium night RAIDO film 
which carried out orientation on the other hand (111), its membraneous quality was bad, and it had 
problems, such as a rise of wiring resistance, and a fall of barrier property. 

[0007] The purpose of this invention cancels the trouble of the above-mentioned conventional technique, 
and is to offer the semiconductor device which aimed at improvement in the dependability of wiring by 



forming the good (111) orientation titanium night RAIDO film of membraneous quality used as the barrier 
^metal which has diffusion barrier property and the high-reliability of wiring as a substrate of the metal 
wiring layer which consists of aluminum or its alloy, and its manufacture approach. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention offers the 
semiconductor device characterized by carrying out the laminating of the titanium film of 100A or less of 
average thickness to the titanium night RAIDO film in which the metal wiring layer carried out orientation 
to the substrate of a metal wiring layer (111) in the semiconductor device which is laminating wiring 
containing aluminum or its alloy layer, and its lower layer 50% or more by surface coverage. 
[0009] moreover, this invention as a substrate of the metal wiring layer which consists of aluminum or its 
alloy on a semi-conductor substrate Titanium or titanium night RAIDO of the orientation (1 1 1) of 
beforehand good membraneous quality on the conditions which carry out orientation (002) 50% or more of 
first, surface coverage, Titanium night RAIDO is made to deposit under the conditions from which -good 
membraneous quality is obtained with the CVD method by the system which covered and contains a 
titanium compound in 100A or less of average thickness continuously. After forming the titanium night 
RAIDO film of the orientation (1 1 1 ) of good membraneous quality, the manufacture approach of the 
semiconductor device characterized by depositing said metal wiring layer on this titanium night RAIDO film 
is offered. 

[0010] Here, it is desirable that said titanium compound is halogenation titanium. Moreover, as for the 
conditions from which good membraneous quality is obtained with said CVD method, it is desirable that 
they are the conditions which form the titanium night RAIDO film of orientation (200). 
[0011] It is the manufacture approach of the above-mentioned semiconductor device, this invention is the 
manufacture approach of a semiconductor device given in either of said metals, and before it deposits said 
metal wiring layer, it offers either a RTA process and an etchback process and the manufacture approach 
of the semiconductor device characterized by performing the both. 
[0012] 

[Function of the Invention] the conditions which carry out orientation first {002) in the manufacture 
approach of the semiconductor device of this invention — titanium (Ti) — for example, a spatter — or the 
process which nitrides the titanium night RAIDO (TiN) film after carrying out the spatter of Ti, or attaches 
it 1O0A or less by 50% or more of surface coverage and average thickness by the direct reaction nature 
spatter is performed on the conditions which carry out orientation to (111). Here, Ti film and the TiN film 
do not need to be continuation film. Then, although the orientation (200) TiN film will be beforehand 
obtained when Ti or TiN is not attached if TiN is deposited according to conditions which improve 
membraneous quality with the CVD method by the system containing a titanium compound, TiN that Ti or 
(111) Orientation TiN is attached beforehand is obtained. And the membraneous quality of the orientation 
(111) TiN film obtained in this way is maintained good. After performing one of a RTA process or the 
etchback processes, or both the above-mentioned process and if needed, aluminum or aluminum alloy 
(henceforth aluminum system alloy) is deposited on TiN, and aluminum system alloy film is formed. Then, 
the semiconductor device which carried out patterning of this aluminum system alloy film, and formed the 
metal wiring layer is manufactured. 

[0013] It is this invention or the semiconductor device manufactured 'by this invention method has the 
structure where the orientation (111) TiN film by which the laminating was carried out is formed by 50% or 
more of surface coverage, and average thickness at the substrate of aluminum system alloy wiring layer on 
Ti film (or (111) orientation TiN film) 100A or less. Although the TiN film of a metal wiring layer substrate is 
orientation (111), it is the optimal as a barrier metal which has good membraneous quality and has diffusion 
barrier property and the high-reliability of wiring. Therefore, since the semiconductor device manufactured 
by the semiconductor device and this invention method of this invention has the good TiN film of the 
membraneous quality of orientation as a substrate (1 1 1) of a metal wiring layer, it can form easily the 
orientation aluminum system alloy film with strong (111) electromigration (EM) resistance for aluminum 
system alloy wiring layer, and its dependability of wiring is high. 

[0014] In this invention, the reason which limits 50% or more with surface coverage, and limits the amount 
of covering of the orientation (002) Ti film formed first and (111) the orientation TiN film to 100A or less by 
average thickness is because it is required to grow up the TiN film which carries out priority orientation to 
(111). 



♦ 



[0015] 

.[Example] The semiconductor device concerning this invention and its manufacture approach are explained 
to a detail based on the suitable example shown in an attached drawing. 

[001 6] Drawing 1 (a) - (d) is process drawing showing the process of one example of the manufacture 
approach of the semiconductor device of this invention. 

[0017] First, an insulator layer (for example, BPSG) 2 is deposited on a silicon substrate 1 like drawing ! 
(a). 50A of Ti3 is deposited in a design value by the spatter on it. It is thought that Ti3 will have been in 
fact in the condition, i.e., the discontinuity film, that the nucleus of Ti3 was formed in some places so that 
it might not be the 50A continuation film and might become 50% or more of surface coverage, at this time 
(refer to drawing 1 (b)). That is, 50A is that only the time amount found by count from the data of a 
membrane formation rate should carry out the spatter of Ti. However, when the continuation film of Ti is 
produced, it deposits on the conditions which carry out orientation to (002). 

{0018] Then, only the thickness of a request of TiN4 is deposited like drawing 1 (c) with a CVD method. 
However, the thickness of Spatter Ti does not need to take into consideration in drawin g 1 (c). The raw 
material system of CVD considers as the system of a titanium tetrachloride (TiCI4) / ammonia (NH3) / 
hydrogen (H2), and membrane formation conditions are substrate temperature:650-degree-CTiCI4. : 
2sccmNH3 : 40sccmH2 : 10sccm total pressure: It was referred to as O.ITorr. At this time, when 
membranes are directly formed on this condition on silicon, it is checked that TiN which carried out 
orientation (200) is obtained, that it is the smallest in the TiN film with which electrical resistivity is 
obtained by this gas system, etc. Then, only the thickness of a request of aluminum-0.5% Cu5 is deposited 
{refer to drawing 1 (d)). 

[001 9] Thus, orientation of the obtained TiN film 4 is carried out for showing in drawing 2 (111). This shows 
that the stacking tendency of TiN4 is determined as the phase of the nucleation in early stages of 
membrane formation. That is, the following mechanisms can be considered. CVD-TiN4 uses this Ti3 as a 
nucleus by attaching Ti3 to a front face slightly by Ti spatter beforehand, or it is nitrided with the ammonia 
whose spatter Ti 3 is one of the raw material systems of CVD first, and is set to TiN, and this serves as a 
nucleus and starts growth. That is, since the orientation where TiN which will nitride Ti (002) and will be 
obtained if it is the case of the latter since the orientation where TiN deposited on Ti (002) is strong (111) 
is shown if it is the case of the former is strong (1 1 1) is shown, in this invention, the nucleus of TiN4 which 
will become orientation first in the future (111) will be formed by attaching on the conditions which carry 
out orientation of the spatter Ti 3 to (002). As for the TiN film finally obtained, orientation (1 1 1) is shown, 
as a result of forming the nucleus of TiN which will become orientation in this invention in the future (111) 
at the time of growth initiation even if it is the conditions which carry out orientation (200) when depositing 
the TiN film on silicon or its oxide film. Naturally, orientation (111) also of the aluminum on TiN (111) is 
carried out. 

[0020] Thus, there was no significant difference as compared with wiring using TiN by which the 
dependability of made aluminum system alloy wiring 5 was made from the conventional spatter. Although it 
is thought that this becomes possible [ taking in a CVD method on the occasion of metal wiring formation 
by this invention method from now on besides W plug ], it is shown that it can be used also for the main 
wiring section. 

[0021] Moreover, in the above-mentioned example, membrane formation temperature is 650 degrees C, 
that it cannot apply only to the substrate of the first aluminum wiring (the melting point of aluminum is 
about 660 degrees C), or it changes a raw material system, low-temperature-izing of membrane formation 
is possible by using a plasma-CVD method, and CVD-TiN can be applied by all the parts of wiring by 
applying a low temperatureHzed technique. For this reason, the technique of this invention cannot be 
overemphasized by that it is applicable also to parts other than the substrate of the first aluminum wiring, 
either. 

[0022] In the above-mentioned example, also although Ti3 is deposited on the substrate of the orientation 
(111) TiN film 4 and it excels in it by the spatter, as long as especially the approach of depositing T»3 is not 
restricted but can deposit Ti3 on an insulator layer 2 at 50% or more of surface coverage, and 100A or less 
of average thickness, it may be what kind of approach. Moreover, in this invention, since this <002) 
orientation Ti 3 is used for the nucleation in early stages of membrane formation which determines the 
stacking tendency of CVD-TiN4, i.e., the nucleation of TiN which will become orientation in the future 
{111), it may carry out the specified quantity deposition of the TiN on the conditions which carry out 



orientation (111) instead of Ti. For example, it is N2 about Ti3 deposited on the conditions which carry out 
.orientation (002). It nitrides by the things (lamp annealing etc.) to heat-treat in gas. It carries out (TiN 
nitrided and obtained carries out orientation of Ti <002) strongly (1 1 1) as mentioned above), it may -be 
beforehand referred to as TiN — It is N2 by the reactant spatter instead of Ti3. Only 50% or more of 
complements, i.e., surface coverage, and 100A or less only of average thickness may deposit TiN on an 
insulator layer 2 directly at nucleation on the conditions which carry out a spatter and which carry out 
orientation (1 1 1) in an ambient atmosphere. 

[0023] the above-mentioned example — the raw material system of CVD — TiCI4 / NH3 / H2 although it 
is a system, if it is a system containing a titanium compound — especially — not restrictive — for 
example, TiBr4 and TiI4 etc. — organic compounds using halogenation titanium, such as a thing and tetra- 
diethylamino titanium, etc. can be used. NH3 It is N2 to instead of. N two H4 (hydrazine) may be used. 
Moreover, it is TiCI4 / NH3 / H2 that what is necessary is just the conditions which form TiN with good 
membraneous quality when the membrane formation conditions of CVD are not limited to the above- 
mentioned example, either but form membranes directly on a semi-conductor substrate. By the system 
They are 650-750 degrees C and TiCI4 about substrate temperature. NH3 They are 1:1-1:25, and NH3 
about a division ratio. H2 1:0-1:1, and total pressure can be set to 10mTorKs) - 10Torr for a division ratio. 
[0024] Moreover, what is necessary is just to also choose suitably the thickness of the CVD-TiN film 4, 
and the thickness of aluminum system alloy film 5 especially if needed [ not the time of a limit but if 
needed ]. 

[0025] Performing RTA (rapid-heating processing: Rapid Thermal Anneal), etchback, or its both in the 
above-mentioned example, if needed, before forming aluminum system alloy film since the low resistance 
ratio of TiN and crystalline improvement are expected by RTA — it is — etchback — the thickness of TiN 

adjustment (for example, a hole (hole), if thickness is more nearly required than a flat part in a hole 
when forming TiN inside) Once attaching thickly, it may be needed for deleting and carrying out the part 
whose flat part is too thick 
{0026] 

[Effect of the Invention] Since it has the good (111) orientation titanium night RAIDO film of membraneous 
quality on the substrate of aluminum or an aluminium alloy wiring layer according to the semiconductor 
device of this invention as explained in full detail above, it excels in barrier property, and moreover, the 
electromigration resistance of a metal wiring layer is high, and the high-reliability of wiring and detailed- 
ization can be attained. 

[0027] moreover — according to the manufacture approach of the semiconductor device of this invention 

as barrier metal — membraneous quality — being good (111) — since titanium night RAIDO which 
carried out orientation can be easily deposited with a CVD method, the semiconductor device which has 
the above-mentioned effectiveness can be easily manufactured at an easy process. 
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g<DS^*SO--*fife^l<DXg^^-rXfi0'C^)^) P 

[0017] il (a) (DA5tC^Un>S^l 

±*t*&f§K (ffljUTBPSG) 2^ritS-r^o ^<D±te 
X^y*£lcAt>T i 3£HHirC5 0 A*at^ c C 
©itTi3tt, XRR(C(2.5 0 A03l««6C35cor(r^ 

Tt>*<t#il6ftS (01 (b) #flg) o ftttofe, 5 
OAiOi <DttJSHBaK©^~ »*>6tttlK: A t) h 

^>-5> 0 /c/cl, T i <Dil3tt0t«:^»Lfc.i*CC (0 0 
2 ) «:E^lT^^#r^S'r^o 

[0018] CVD^CCAO® 1 (c) (DA 5 

KIT i N4£i»a<D«33Ktt««T<&. fc/cl, SI 

(c) T?ttX^^*T i©JK»«#*Utt<r*>A^. 
CVDOlR»»ttE3*ifc^*> (TiCl, ) /7>*r 

xr (nh 3 ) (h, ) ©sit, f&m*mz 

S«SS: 650'C 
T i C 1 < : 2 s c c m 
NH, : 4 0 s c c m 
H, : lOsccm 
^JE : 0 . lTorr 

tcrn-siz (200) lersju/cT i Nmn^ct, m 

l>C£«tfHU3*VCl»£. 5I#»#, A 1-0. 5% 

cu b&mm<DB2tcvmffi-i*2> mi (d) #jta> . 

[0019] CCDA^tCbT^6n/cT i NR4-«H2 
iC^TA^CC (111) Kia£]*r&c COCilt T i 

t&TjklrXm. T&b%«TO J: 5 & > * 
•CCftWSCirCVD-T i N4«C©T i 3£&C£L 



-I 



5 

X % *St>«, X^ y £T i 3 3W*-rCVD<0JH*4*O 

T&fttfTi (0 0 2)±iCtaUcTiN^(l 
1 1 ) Eft£^-f<D-C, »#<DJi^'r*tltfT i (0 0 
2) 4»bL"Cfl6tiST i N&m> (111) SHr^J^r 
7tVTOX\ *«WK:*t»T, XA^Ti3% (00 
2) «cKlSl-r4*ftr#WSC4«cJ:»), ( 1 

1 1 ) EfiittST i N4<D*#»lS3*l6C4«:ft 

tt (2 0 0) KffiT5^r*o-C*>, sHMBCCfeOT 
ttJ«fiHlteB*tt:*j3fe (111) BfilittST i NCD&a* 
JB*5Sft4*&8i. BfeftCCS 6tiST i N^tt ( 1 1 
1 ) EGlfcijW. S«L T i N ( 1 1 1 ) ±<DA 1 fe 

din snr&. 

[0 0 2 0] COi^JCLr^6tl/cA l*^iBB5 

Wot, ^'ik^mmimtmi>v/7'^ t> c 

£E cc tt/g r £ *> c t £ ^ l r i o 

[0 02 1 ] S/c, ±eafc«rittJaWK3W6 5 0 °c 
-C*0, »— A lBe^<Z)TH6CCb^JgfflLt#3&:Ci (A 1 
oa*{J^6 6 0'C) J0RMH6*aEA&*4t*tt^ 
XvC V D £ C t Vf&m<Di£mit& pJffeT?* 

SPft-CCVD-T i N#jgfflr££o C<Dtc&, *ftW 
[0 022] ±lEHft««:*j^r (111) EftT 30 

1 0 0 AJ£TRci£irc t 5 tett£-e$> ->x i> 

£l\ ttc, ##WiK:*Jl»TB\ CCD (0 0 2) ffiftT 
i 3 CVD-TiN4 CDEftfcfe £$&e*T 

©fejBflc. ( 1 1 1 ) geft<t&&T i no 

mtmm^hti&koxh&o)^. t i ©tcocc ( i 

i i ) ge^T^^ff-cT i N&ffi&mmmisX*3\,>x'b 

«fcl>. (0 0 2) 12ftT£^#T^SO/cT i 40 

3^n, #**rJM&^ (7>^r^-^«c4*) 

©<fc5*CTi (0 0 2) ZmitLX&ibtitcT \ 

< ( 1 1 i ) ierfirr&) u t i 3 <dv&> k> wugittt^ 

^^WotN, SIWt^n'^Lt (111) 

mum, ftE&ams o^tLb, ^js^i 

[ 0 0 2 3 ] Aitmmmxte. cvd <DWMmz. ti 



#H¥'6 - 2 8 3 5 3 2 
6 

C 1 « /NH 3 /H, ^#><b^3£^t* 
^Ci^tn o NH 3 <Dtt9CCN 2 *>N, H 4 (fc F 

±IB*ft««:Bg3nr, *«(*»E±«:itt«Js8gl 

<, m«T i c 1 , /nh 3 /h, m-c, ssi&s* 

6 5 0-7 5 0°C, TiC 1 4 <LNH, <D#HJt£ 1 : 
1-1 : 2 5, NH 3 <hH 2 <D#JE£b£ 1 : 0-1 : 
1, ^lOmTorr-lOTorrit^Ci^ 

[0 024] i/c, CVD-T i Nil 40^/5*5^ A 

[0 0 2 5] ±%EgmWbC*5l<>X % A 1 ^^^rffJ^S; 
T & BU&t i&llCCJCc% D~C R T A (fijiftlft&a : Rapid 7h 
ermal Anneal ) £ /ctex v ? * U < 
^^CD«, RTAKcfc^T i NCDiSfiJnit, *£lltt<Dft 

/f^rP^ (m«?L rt^CT i N£lAR a r&« 

[0026] 

e(DT«6ccMM©ac^ (ill) EfSi^^>^^ h^>r 

iSfi^tt. awB{b*jftsWSC4#r»&. 

[0 02 7] *^CD^(*^S(DMi§*&«:<fc 

j*vts zMtLxmmomtti: (i id«ce 

[01] ( a ) - ( d ) tt. **W©*aW«6«<D« 
[02] *«93<D*»(*«B©-*lit«l<DStefitl© 

1 ¥«(*S« (->';n>S«) 

2 mmm 

3 T i 

4 CVD-T i N 

5 Al64(Al-0. 5°/oCu)l 



I 
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^¥6- 2 8 3 5 3 2 

t Anmm ] m*&m 17^2 omfcic <t zmjEcomn 

[«ftH] 3*P3£2 3B (2 00 1. 3. 2 3) 



[&R1#-Sf] «fH¥6-2 8 3 5 32 

C^g^B ] ¥f&6¥l 0^7B ( 1 9 94. 1 0. 7) 

[*ea#»] 6 - 2 8 3 6 

[ffiG£##] 8 7 7 9 

(■■imt0M*7JK] 

H01L 21/3205 
21/205 

[F I ] 

HOU 21/88 R 
21/205 

21/88 N 

[SUB] TO12^3^24S (2 00 0. 3. 2 
4) 

(**t»iE 1 ] 

[f»#H5 J BWECVDffi-CfiSttBllJaWWefiiifcfr 

Wafro (2 0 0) BBft£>^£>:f^ Yv-t F 
R*fiHRr5Sfeftr*4Sll*3I3 £/cte4 KIBtSO*^ 

[ffliE^^SS«] Html 
[*KE»*JHS«] 0 0 12 

[0012] 



tt t *r (0 0 2) KBWt4*tttf » <T i ) 

**ffi<C«fc 9. fcU<«, (1 1 1)4C 

Kftr£3fefrc*#>:M h^-r f (t i n) m*. m 

1 0 0AJKTttW£Xg£if^o CCr, TilfeJ:^ 

«J*£tf*«c <fc &C V DffiTlI^ < "T & J: 5 
CCfcDT i N&m~r2>t* *«6, TiJ/diTi N^ 
WW4*r>k»6B (20 0) EfaT i NI^{l6n^ 
?#>T i £/tte ( 1 1 1 ) IBfrT i NSrtt«T*s< 
£ (111) ggfa CPT i N^Se>^ 8 b^c^L/T 
(111) ffiftT i N0coMSt^^*£t$$ 

ypJLm^^^^^^K^m^^J^tc^ T i N± 

mLX, A lSMMMt^o C<DgL C<DA 1 S 
^JB«r^- * - ~ > y £KE«UI Ltc^mW 



